Abstract: Driving factors of smart city construction are exploratively studied by grounded theory method based on text sources from journal papers in SCI and CSSCI databases. Initial scale of driving factors about smart city construction is obtained on the basis of above analyses. This paper modifies measuring items of the initial scale with a small sample pretest and reliability test, then forms final items by exploratory factor analysis. According to the above scale, questionnaires are designed to obtain empirical data, and confirmatory factor analysis is used to verify further validity and reliability of the scale. The results show that driving factors of smart city construction include three main dimensions: problem-oriented factors, business-or technology-driven factors and endogenous development requirements.
Introduction
Cities around the world are under pressure from population growth, frenetic global economic restructuring, and climatic perturbations [1] .Smart cities represent a conceptual urban development model based on the utilization of human, collective, and technological capital for the enhancement of development and prosperity in urban agglomerations [2] . There are at least 3 different positions and perspectives about the emergence of smart city and impetus to its construction. One of the reasons is profit-drive by information and communication technology enterprises. The smart city, as an emerging market with enormous potential, is expected to drive the digital economy forward in the coming years [3] ; similarly, the global smart city market is expected to exceed $1 trillion by 2016, growing at a compound annual growth rate of 14.2 per cent [4] ; and it is also estimated to be of three-digit billion dollars by 2020, with an annual spending reaching nearly $16bn [5] . This has triggered Cisco, IBM, HP, and other global information and communications technology (ICT) players to launch their own smart planet and smart city initiatives [6] . Secondly, there is still in fact no general consensus on the meaning of the term smart city [7] and no agreed definition on it [2] ; besides, it is currently a generic and optimistic concept for the city of the future and, in fact, no suitably widespread definition has yet been elaborated. And there is still a controversy of the relation among the origin of smart city, smart growth and intelligent city [8] . The third reason is about skepticism of technological determinism. Compared with the concept of digital city or intelligent city, the main focus of smart city is not limited to the role of ICT infrastructure but is mainly on the role of human capital/education, social and relational capital, and environmental issues, which are considered important drivers of urban growth [9] . On the whole, the knowledge and innovation economy is an essential driver of the smart city discourse, especially the knowledge economy, which played a significant role in the emergence of the idea of smart cities [10] .
The answer and solution of the above differences need to effectively identify and clearly defined construction driving factors (CDF) of the smart city. Existing literatures about smart city have analyzed reasons and driving forces of smart city construction from different disciplines and perspectives, which contents focus on 2 aspects. (1) The first one is about urban development problems, different contexts and external environment, which mainly include concurrent trends in urbanization, economic growth, technological progress, and environmental sustainability that are the drivers for this newfound urgency [11] . The urbanization emphasizes persistent pressures of urban infrastructures due to the increasing size and proportion of urban population. Economic growth is about how to promote innovation and entrepreneurship to stimulate economic vitality by urban agglomeration effect. Technological progress reflects the improvement of urban living and production methods, and environmental sustainability is concerned about climate change, energy resources and environmental protection. In addition to urbanization, resource scarcity, energy shortages, global environmental "weirding" and better economic opportunities, inadequate and deteriorating infrastructure, human health concerns and demand for social benefits are also regarded as driving factors of prompting smart city construction [12] . (2) The other aspect involves in endogenous requirements, especially about urban innovativeness and competitiveness. Ability to innovate is recognized as a key driver of the smart city construction, including human factor, education, learning and knowledge center which are fundamental components of smart city [13] . With the deepening of economic globalization, cities are becoming more and more important frontiers and places that gather, allocate and compete for resources worldwide. Except for urban economic development, the power of smart city construction is paid more emphasis on the competitiveness among different cities and promotion to attractive "creative classes" [14] .
Although the existing literatures are relatively fragmented in contents, they greatly enrich research contents of smart city and can be used as important references of quantitative analysis. This article further makes a systematical and exploratory research on the basis of them, which is by using the grounded theory method (GMT). In order to provide advices for the following researches and practices, an empirical research about construction driving factors of the smart city is implemented by scale development, questionnaire design and survey. 2 Data sources, research method 2.1 Research method GTM were first developed in the 1960s by Barney Glaser and Anselm Strauss [15] , which aims to generate theory by grounding that theory in data rather than verify theory as traditional quantitative research does. Rooted in medical sociology, GTM has spread to wider practitioner fields such as nursing, education, psychology, accounting, business management, and social work [16] . In grounded theory, data analysis has a well-defined process that begins with basic description and moves to conceptual ordering and then on to theorizing， which is accomplished through an elaborate set of coding processes [17] . Coding is the fundamental analytic process used by the researcher, which can be divided into three basic phases: open, axial, and selective [18] .
In this paper, GMT is used to make a exploratory research about construction driving factors of smart city by data analysis process of open, axial, and selective coding. The process of data collection and analysis is iterative by constant comparison, refinement and modification. In coding results, categories of the open coding are used to form measuring items in the phase of developing scale; axial and selective coding results are exploited to cluster the items and construct corresponding variables; based on the analyses above, an initial scale is accomplished by expert evaluation. According to the variables and items in the scale, a questionnaire for small sample pre-test is preliminarily developed by combing with principles, steps and formats of questionnaire design. In order to test validity and reliability of the scale, data collected from the small sample pre-test questionnaire survey are used for item purification, reliability test and exploratory factor analysis. According to the above analysis results, the initial scale is made a further modification. The modified scale is used to build the formal questionnaire by repeating the questionnaire design process, from which data collected are used for confirmatory factor analysis.
Data sources
Data sources of this paper are journal articles from Web of Science Figure 1 , the quantities of journal papers gradually increase year by year. Although the disciplinary distribution of them are complicated, it generally focuses on two major research areas of ICT and urban study (as shown in Figure 2 ). In addition, smart city research begins to appear in the field of construction project management (CPM), such as the journal of "Automation in Construction" according to the study about ranking of CPM journals (Chau, 1997) [19] . In order to facilitate data management and increase traceability of effective data, different data sources are classified and coded on the basis of screening and sorting, which basic format is composed of abbreviation of data source plus the paper's order number. Data source of the empirical study is from the small sample pre-test and formal questionnaire survey, their detailed contents will elaborate in the following corresponding sections.
Coding process 3.1 Open coding
Open coding is the interpretive process by which data are broken down analytically. Its purpose is to give the analyst new insights by breaking through standard ways of thinking about or interpreting phenomena reflected in the data [18] . In order to avoid confusion due to excessively initial concepts and reduce overlaps between different concepts, initial categories are classified and grouped in Table 1 . This paper only chooses one descriptive material of every category for saving space. 
Axial coding
In axial coding, categories are related to their subcategories, and the relationships tested against data. Also, further development of categories takes place and one continues to look for indications of them [18] . Four core categories are summarized in accordance with correlation and logic sequence among them. 
Selective coding
Selective coding is the process by which all categories are unified around a "core" category, and categories that need further explication are filled-in with descriptive detail [18] . Results of selective decoding are gotten by referring to the analysis approach of these literatures (Wang and Zhang, 2012; Xiao, 2015) [20] [21] . Table 3 . Results of selective coding.
Coding process Coding analysis results
Open coding The scale about driving factors of smart city construction is developed based on the results of Table 3 , in which measuring items are composed of 11 initial concepts from Table 1 . In order to ensure content validity of the scale, opinions and suggestions from academic team and relevant industry experts are extensively absorbed to evaluate and improve the contents, pre-test and formal questionnaire design.
Empirical research and results

Small sample pre-test
In order to better ensure the validity and reliability of the scale's contents, preliminary questionnaire design and pre-tested are conducted for making a further revision of potential flaws. Questionnaires of the small sample pre-test are mainly issued to relevant institutions and organizations by a "snowballing" way. According to feedback results of questionnaire survey, there are totally 140 sending questionnaires, and 138 of them are retrieved. Effective questionnaires are acquired by eliminating 18 invalid questionnaires, in which are choosing same score in five-point Likert scale, answers are of obvious regularity, or neutral options are chosen too many. The investigation eventually gets 120 effective questionnaires, which account for 85.7% of the total quantity.
(1) Item purification and reliability test Before factor analysis, it is necessary to purify and eliminate garbage items. If not, it may lead to multi-dimensional phenomenon, and is thus more difficult to explain the meaning of each factor [22] . Cronbach's alpha coefficient (CAC) and corrected item-total correlation (CITC) test are used to purify items, and suggested values of them are respectively 0.70 [23] and 0.40 [24] . In test results of scale CDF, every item's CITC value is more than 0.40; and deleting any item can not significantly increase the value of CAC, thus every item is reserved. The CAC value of scale CDF equals to 0.923 (greater than 0.70), which is indicating that it has good reliability. (2) Exploratory factor analysis Because the scale CDF is newly developed, it is necessary to implement exploratory factor analysis to further test its validity and reliability. If there are no theoretical or empirical researches that can support different factors are not related to each other, orthogonal rotation method is better than the oblique one, because results of the previous method are generally easier to understand and interpret [25] . Based on the effective data from small sample pre-test questionnaire survey, exploratory factor analysis of the scale CDF is conducted by the method of equimax rotation in orthogonal rotation. Results of the above analysis are that the value of Kaiser-Meyer-Olkin test equals to 0.840＞0.70 [26] , Bartlett's test of sphericity result reaches a significance level, so it is suitable for exploratory factor analysis. There are 3 main common factors extracted by principal component analysis (choosing the maximum equilibrium value method and eigenvalue＞1) of SPSS, and their accumulated variance contribution rate is 79.13%. Accordingly, results of rotating element matrix are shown in Table 5 below. .364 In this paper, factor loads' suggested value is set to 0.40 [26] , and when some item has a high factor load value (e.g. more than 0.40) on 2 or more factors, a generally feasible solution is to categorize it to the corresponding factor according to the result that researchers have already accomplished in scale development [25] . On these grounds, urban population, resources consumption, environmental protection and climate change are clustered to principal component 1, which is named by "development dilemma"; business value, economic growth, technology diffusion and technological progress are aggregated to principal component 2 named by "driving factors"; competitiveness, attractiveness and innovation capability are included in principal component 3 named by "endogenous requirements". Based on above analyses and combined with feedbacks of the pre-test, the formal questionnaire is ultimately formed, which is used to collect data for the following empirical research.
Confirmatory factor analysis
Formal questionnaire survey from September 2014 to February 2015 was conducted by traditional and internet-based investigation methods, which totally issued 300 questionnaires, recovered 272 copies and got 213 valid ones that accounted for 71% of the total. The questionnaires are issued to 43 cities in China, which can be divided into 5 types including municipalities (e.g. Beijing, Shanghai, Tianjin and Chongqing) , provincial capitals (such as Hangzhou, Ji'nan, Wuhan, Chengdu and Changchun et al.) , independent plan cities (including Shenzhen, Qingdao, Dalian, ), prefecture-level cities (such as Linyi, Yancheng, Zhenjiang, Yantai and so on), and county-level cities (e.g. Zhucheng and Rongcheng). Numbers of people, who engage in the survey from government sectors, enterprises, research institutes and the public are respectively 31, 82, 51 and 53. Most of the respondents have studying/working experience in smart city construction between 0 and 1year, whose amount is 112; besides, the quantities of respondents who have studying/working experience of "1~2 years", "2~3 years", "3~4 years" and more than 4 years are respectively 23, 18, 18 and 45. Cronbach's α coefficient test of the scale CDF and its sub-scale is implemented by using SPSS software, and their results are as follows: Cronbach's α coefficient values of the scale CDF, the sub-scale of development dilemma, driving factors and endogenous requirements are respectively 0.887, 0.800, 0.824 and 0.812, which indicate high reliability level. The KMO and Bartlett test of sample data is further carried out by SPSS software, and the results are that the KMO's value is 0.855, bartlett test of sphericity value reaches a significant level, which further support confirmatory factor analysis of the sample data.
(1) The first-order confirmatory factor analysis Referring to fitting indices' research findings of Fang (2013) [27] , suggested values of them are recommended as follows: 1<X 2 /df<3, RMSEA<0.10, GFI, AGFI, NFI, IFI and CFI >0.85. By using AMOS software, confirmatory factor analysis results of the scale CDF are shown in Table 6 . and composite reliability (ρ c ) is respectively greater than 0.50 and 0.60, which indicates good reliability and validity. According to the correlation coefficients between different factors in the second modified model and the formula of AVE, the results of discrimination validity are acquired and showed in Table 7 . As shown in the table above, every square root of the AVE value is more than the correlation coefficient values that are in the row and column where the AVE value locates, which indicates good discrimination validity.
(2) The second-order confirmatory factor analysis Due to moderate and high degree of correlation among the variables which correlation coefficients are respectively 0.60, 0.62 and 0.69 (as shown in Table 7 ), a further second-order factor measuring model is assumed also because the first-order confirmatory factor analysis model has a good model-fit degree with the sample data. The results of the second-order confirmatory factor analysis are acquired by using AMOS software to read the sample data and carry on the fitting process, which include that the value of X 2 /df equals to 2.74, GFI=0.916, AGFI=0.861, NFI=0.905, IFI=0.938, CFI=0.937and RMSEA=0.091, all of the above values conform to the suggested conditions. On the base of the above test and analysis results, the second-order confirmatory factor analysis model is accepted in this paper.
Conclusion
By a combination of qualitative analysis and quantitative test, results of the complicated and dynamic driving factors of smart city construction show that motive forces and reasons that make smart city appear and impetus for its construction activities and behaviors are composed with 3 dimensions, which are development dilemma, driving factor and endogenous requirement, and measured effectively by empirical research. First of all, the development dilemma is constituted by urban population, resources consumption, environmental protection and climate change, which is one of the important reasons and the problem-orientated factor. Specifically, The increasing urban population leads to a prominent imbalance between supply and demand, especially in these aspects: resources and energy supply, infrastructure load, public service capacity, effectiveness and efficiency of urban management and operation within the city limits. Cities consume large amounts of resources and energy, to innovate development model, which is more resource-saving and higher energy efficiency, has become a more urgent problem of urban development. Urban environmental protection is increasingly becoming a key issue that can not be ignored; in order to reduce adverse effects to environment because of economic growth, it is necessary to develop and create a more sustainable way of urban growth. Climate change is also deemed to an important cause to the construction of smart city. The motivation of seeking to solve urban development problems is obvious due to the restriction of climate change, besides, it becomes particularly urgent to find greener urban development dynamics.
Secondly, drivers of smart city construction contain two aspects of commercial interest and technological progress, which are driven by business value, economic growth, technology advancement and diffusion. Huge market potential, business value from industry development and information market of smart city construction are the profit-driven factors and good reasons why world's major ICT companies implement their smart city plan; besides, urban infrastructure construction will also bring huge market opportunities and further promotion of economic growth. The technologies-especially ICT advancement provide important technical support for the smart city construction, technical progress and innovation can take better solutions for existing problems, or offer possible solutions by breaking through technical restriction. Thereby, solutions that can effectively solve urban problems can promote technical replication and diffusion. Technological advancement and diffusion constitute ICT-driven factors of smart city construction.
Eventually, endogenous requirements include urban competitiveness, attractiveness and innovation capability, which are the internally imperious demands of smart city construction. Especially in the context of globalization, the cities have gradually become important places of global competition, more and more cities regard improving their competitiveness, attractiveness and innovation capability as important impetus and endogenous requirements. The cities not only need to create spaces of survival and development for the public, provide more available urban infrastructures and services, but also further attract capital investment, inputs of human capital and other factors to promote urban economic development, maintain and enhance their competitive advantages and abilities.
